Physical activity is recognised as an important component of a healthy lifestyle, by the population at large as well as by scientists and clinicians. Nevertheless, most adult men and women in this country are physically inactive.
Introduction
Physical activity is recognised as an important component of a healthy lifestyle, by the population at large as well as by scientists and clinicians. Nevertheless, most adult men and women in this country are physically inactive. 1 To alleviate the considerable public health burden of this level of inactivity requires nothing less than a major shift of behaviour to a more active style of living. 2 A start has been made with eVorts to develop a physical activity strategy for England 3 and the Health Education Authority's campaign "Active Living". Both initiatives reflect a change of emphasis in making recommendations for physical activity. Traditionally, recommendations were for 20-60 minutes of moderate to high intensity endurance-type exercise performed three or more times per week. By contrast, recent consensus statements from expert bodies in the United States (on which the United Kingdom recommendations are modelled) encompass the notion that many health gains may be acquired through moderate intensity physical activities outside formal exercise programmes. [4] [5] [6] This review is concerned with one particular aspect of these recommendations, namely that one eVective pattern of physical activity is several short sessions during the day.
Methods
A search was made through Medline from 1970 to the present, using combinations of the following terms: accumulation, exercise, training, intermittent, continuous, short bout(s), long bout(s), session(s), physical activity recommendations, and splitting distance/time. A large number of publications were found through use of the terms intermittent and continuous but, with one exception, these compared the eVects of training through rather long bouts of exercise with those of "interval training"-that is, high intensity eVorts separated by brief recovery periods but within the same session. As the key feature of accumulating exercise is performance of several short separate exercise sessions throughout the day, this literature was not pursued further. Only five original papers were found describing studies comparing the eVects of increasing levels of physical activity through several short sessions of exercise per day with those from one longer session. Because of the paucity of literature addressing this topic specifically, additional indirect evidence has been invoked (using a personal library) in evaluating the rationale for the proposition that physical activity accumulated through the day confers health benefits.
Observational studies
Guidelines for the amount of exercise needed to confer health gains were originally developed from two lines of evidence: first, epidemiological findings of a lower risk of coronary heart disease and premature mortality in men who engaged in considerable amounts of physical activity; and second, the literature describing the amount and type of exercise needed to increase endurance fitness (usually assessed as maximal oxygen uptake (Ṽ O 2 MAX)) in healthy adults. The common feature was planned exercise or training of a fairly vigorous nature. In fact, in one landmark study of English civil servants, only "vigorous" exercise was associated with a lower risk of heart attack. Thus the accepted view was that activities that increase fitness confer many, maybe most, health benefits. This view is probably sound as studies that have related physical fitness to allcause mortality and cause specific mortality and morbidities have shown. [7] [8] [9] [10] However, although the epidemiological evidence undoubtedly shows that engaging in activity suYcient to improve fitness, including vigorous sports, is associated with low risk, it also shows that activity unlikely to improve fitness may also be eVective. For example, some studies have shown a strong inverse association between some measure of the total amount of energy expended in leisure time physical activity and cardiovascular 11 or all-cause mortality, 11 12 incidence of type II diabetes, 13 hypertension, 14 and site specific cancers. 15 16 In the British regional heart study, the inverse relation between physical activity index and risk of ischaemic heart disease was not reduced by excluding all men who reported doing vigorous sporting activity; thus men who regularly engaged in gardening, do it yourself, and "pleasure walking" experienced a reduced rate of heart attack. 17 In many of these studies, the type of activity associated with more favourable health outcomes is likely to have been performed at least partly on an intermittent basis. These include walking, climbing stairs, gardening, 12 18 19 and, in one recent Finnish study, repair work.
11 Stair climbing-surely almost never performed in long continuous sessions-has been associated with a decreased risk of premature death; men who climbed fewer than 20 flights of stairs a week had a 23% higher risk than men who climbed more. 20 Walking, particularly when undertaken for personal transport, is often performed in rather short sessions at intervals of some hours. The amount of walking has been associated with a lower risk of all-cause mortality in middle aged men (21% lower risk as distance increased from less than 3 miles to 9 miles or more a week), 12 in retired men (59% lower risk for those who walked 2 miles or more a day, compared with those who walked less than 1 mile a day), 21 and in women (∼60% lower risk in those expending energy equivalent to walking for about 45 minutes three times a week). 22 Data from the Harvard alumni show an inverse relation between energy expended in non-vigorous activities and incidence of type II diabetes. 13 This ties in with the finding that glucose intolerance is less common in individuals reporting high total levels of physical activity (expressed as METs per hour per week). 23 In the latter study, most of the activity for men was occupational (and therefore probably not undertaken in long continuous spells), whereas for women regular walking (not for formal exercise) was the commonest activity. Similarly, in the insulin resistance atherosclerosis study, levels of expenditure in non-vigorous activities (3.5-5 METs, typically home maintenance, gardening, indoor household chores, brisk walking) were positively related to insulin sensitivity, independent of vigorous activity. 24 A high level of physical activity has recently been associated with reduced risk of colon cancer. For example, in Norwegian women, leisure time activity equivalent to walking or cycling for at least four hours a week was associated with a 38% decrease in risk. 15 In the US nurses health study, women active at a level of 3-6 METs (moderate activity) for more than one hour a day had a 46% lower risk than those who participated in these activities at a lower level; walking was the commonest type of leisure activity in these women, and therefore a major contributor to the totals of moderate exercise. 25 Thus aspects of the epidemiological evidence in diVerent populations suggest that physical activity need not be performed in rather long, say 20 minutes or more, sessions in order to confer a variety (and expanding list) of health gains. Until data are published on the duration of the sessions of activities likely to be performed on an intermittent basis, however, this evidence does not constitute a suYcient rationale for the proposition that physical activity can be accumulated through the day in several short sessions.
Multiple short sessions of activity as a means of improving fitness
The idea that sporadic bouts of activity will be an adequate stimulus to health benefits comes also from studies that have systematically compared the eVects of shorter bouts of activity spread throughout the day with those of longer bouts. Two studies are consistently cited in the statements of expert panels, [4] [5] [6] namely those of deBusk and colleagues 26 and Ebisu. 27 In the former, 36 sedentary middle aged men performed either one 30 minute session of jogging or three 10 minute sessions on five days a week for eight weeks; the intensity of exercise was 65-75% of maximal heart rate (equivalent to 55-65% of Ṽ O 2 MAX). 26 Men were allocated randomly to the diVerent patterns of exercise but there was no control group. Although both groups of joggers showed similar decreases in heart rate during a standard submaximal treadmill test, the increase in Ṽ O 2MAX was significantly greater for the long bout group (4.4 ml/kg/min, 13.9%) than for the short bout group (2.5 ml/kg/min, 7.6%). Decreases in body mass were similar (1.75 kg and 1.79 kg respectively).
The second frequently cited study compared eVects of diVerent running training regimens on endurance fitness and blood lipids. 27 The subjects were 53 young men, randomly assigned to four diVerent groups. Three groups ran equivalent distances on three days a week for 10 weeks, in one, two, or three separate sessions, and responses were compared with those of a control group who did not train. Runners completing three sessions a day probably exercised for about eight minutes per session early in the training period, rising to about 16 minutes for the last three weeks. Ṽ O 2 MAX increased significantly in all training groups-by 3.9-5.6 ml/kg/min (6.9-9.8%) from initial values of the order of 55 ml/kg/min. Ebisu 27 also report a significant increase (pre-training v post-training, within group) in high density lipoprotein (HDL) cholesterol of 0.12 mmol/l (9.6%) in the group training three times a day. It should be noted, however, that HDL cholesterol increased also in the control group (by 0.04 mmol/l, 3.4%) and that the investigators do not appear to have compared change in the intervention group with change in controls-that is, the more rigorous test of a change with training.
Recently, three other papers comparing the eYcacy of diVerent physical activity patterns have been published. Jakicic and colleagues 28 studied overweight women over 20 weeks. Subjects were randomly assigned to one of two groups: long bout exercise or short bout exercise. All subjects undertook aerobic exercise five days a week, "primarily walking". The prescription for long bout walkers was one session of 20 minutes, increasing over nine weeks to 40 minutes; short bout walkers were prescribed two, progressing to four, 10 minute sessions per day. Predicted Ṽ O 2 MAX increased to a similar degree in both walking groupsthat is, by 5.6% and 5.0% for long and short bout groups respectively. Both groups lost significant amounts of body weight, with a tendency for loss to be greater in the short bout group (8.9 (5.3) kg v 6.4 (4.5) kg, p<0.07). As a consequence of better adherence to the prescription, the short bout group exercised on more days and for a longer total time (224 (70) min/week v 188 (58) min/week) than the long bout group. However, (theoretically) the diVerence in weight loss between the groups was greater than could be attributed to the diVerence in exercise energy expenditure.
In a longer study, 13 obese women walked briskly (52% of heart rate reserve) for 10 minutes three times a day on five days a week for 32 weeks. 29 Fasting blood lipids, insulin, and glucose were measured, in addition to peak oxygen uptake and body composition. For the group as a whole, there were no changes in body mass, Ṽ O 2 MAX, or serum concentrations of total, HDL or low density lipoprotein (LDL) cholesterol, or triacylglycerol (TAG). However, there were indications that individuals who were older, fatter, and particularly unfit at baseline adapted to the exercise regimen with a loss of fat weight, improved Ṽ O 2 MAX, and a decrease in fasting insulin. As in the earlier study from the same group, 28 adherence to the intermittent pattern of moderate exercise was good (∼86%) and better than might be expected for prescriptions involving longer continuous exercise sessions.
A study using a similar design, but incorporating a control group, was undertaken by my research group; sedentary middle aged women who were, on average, towards the top end of the desirable range of weight for height were studied over ten weeks. 30 Women following the exercise regimens were randomly assigned to perform on five days each week either one 30 minute session of brisk walking or three 10 minute sessions. The intensity of exercise was 70-80% of maximal heart rate, 60-70% of Ṽ O 2 MAX. ṼO 2 MAX increased by the same amount in each of the walking groups (∼2.3 ml/kg/min or 8%), but only the short bout group showed a significant decrease in body weight and waist circumference relative to controls.
Experimental evidence for the recommendation that accumulation of short bouts of activity is one approach to a desirable physical activity goal is thus scanty. Only one of the five studies above compared changes in exercisers with changes in controls in assessing the responses to training 30 ; the total number of subjects studied is small (∼190); only two studies provide (limited) information on health gains other than changes in aerobic fitness and body weight/fatness. 27 29 However, with patterns of activity based on short sessions-typically 8-15 minutes in duration-of activity a day, four out of five studies found improvements in fitness, 26-28 30 and three found decreases in body weight and/or fatness. 26 28 30 The improvements in fitness and decreases in body weight after multiple short bouts of brisk walking-an activity specifically mentioned in recommendations from expert panels 4 5 -support the suggestion that this activity should be the cornerstone of a generally active lifestyle. 31 For sedentary middle aged subjects, gains in fitness with multiple bouts were similar to gains achieved through longer continuous bouts of equivalent duration in the study of Murphy and Hardman. 30 By contrast, deBusk and colleagues 26 found a significantly greater increase in Ṽ O 2 MAX for the men who performed the longer exercise sessions. Training intensity has a direct impact on the magnitude of improvements in fitness so one reason could be that long bout joggers spent a greater proportion of training time above the recommended heart rate range than short bout joggers (33% v 17%). This may reflect the fact that, in untrained people, heart rate rises progressively during exercise, and walkers monitoring heart rate can slow their pace to oppose this rise whereas joggers with low
Until more information is available, the issue of whether there is an interaction of exercise intensity with exercise pattern cannot be resolved. As moderate intensity exercise is recommended for sedentary individuals taking up exercise-because vigorous exercise is hazardous for them 32 -this needs to be done. It can be estimated that the intensity of activity in the studies on accumulation of activity was between 55 33 so it may be speculated that exercise below this threshold of intensity could elicit improvements in their fitness. It should be mentioned that, even if the improvements in fitness through short bouts are somewhat less than those acquired through longer bouts, they may be suYcient to confer important, if not optimal, health gains; in at least one data set, the major diVerence in mortality risk was found between men and women in the lowest quintile for fitness and those in the next highest quintile. 34 The limited data available show that several short bouts of activity a day are at least as eVective as one longer bout as far as weight regulation is concerned, 26 28 30 in line with the view that the total energy expenditure of exercise is the most important determinant of exercise induced weight loss. 35 There are indications, however, in two of these studies of more weight loss with short bouts than with equivalent exercise in longer bouts. 28 30 One possibility is that exercising in short bouts may, for practical reasons, restrict energy intake; subjects performing short bouts of exercise may do so in their lunch hour, restricting the time available for eating.
Importance of energy expenditure
Examination of the way physical activity has been measured and reported in studies such as the Harvard alumni study 12 and the multiple risk factor intervention trial 19 leads to the possibility that benefits were mainly linked to the total amount of energy expended. This does not preclude the possibility of additional benefit from sustained activity; indeed PaVenbarger has been quoted as saying that, among men who expended the same amount of energy weekly, those who performed some form of sustained exercise had significantly lower death and heart attack rates than those who did not 36 -although I am not aware of any published data on this.
It is, however, plausible that at least some of the benefit of activity is achieved through the associated increases in energy expenditure. Recently, the concept of metabolic fitness has been introduced 37 in an attempt to highlight the multiple metabolic benefits of considerable amounts of low intensity exercise, taken on an almost daily basis, and which have been shown experimentally to be independent of changes in cardiorespiratory fitness as assessed by Ṽ O 2 MAX. The metabolic variables in question include insulin sensitivity, low levels of plasma TAG, and high plasma levels of HDL cholesterol. Changes in these have been closely associated with decreases in body fatness, particularly loss of abdominal fat, 38 but low intensity training in the absence of fat loss can also stimulate changes in lipoprotein metabolism and insulin sensitivity. 39 The latter finding points to a benefit from improved energy turnover per se, and so fits well with recent observations that overweight men who are fit have a lower risk of premature death than those of normal weight who are unfit. 40 In addition to the study of Ebisu referred to above, 27 one intervention study has shown that exercise induced changes in blood lipids may be related to the energy expenditure of exercise. Three groups of premenopausal women were studied in a randomised trial over 24 weeks; exercisers walked three miles on five days a week at 3, 4, or 5 mph. 41 Improvements in Ṽ O 2 MAX were related to the intensity of regular walking but changes in serum levels of total cholesterol, LDL cholesterol, HDL cholesterol, and TAG did not diVer significantly between the exercise groups. Specifically, women who took five hours to walk 15 miles regularly experienced the same level of increase in HDL cholesterol as those who took three hours.
Plasma HDL concentrations may constitute a "metabolic memory" for ability to degrade TAG rich lipoproteins. 41 The basis of this view is that hydrolysis of TAG by lipoprotein lipase "slims down" these particles, leading to an excess of surface proteins. Some of these are rapidly acquired by nascent HDL, which become mature spherical particles in the process. Consequently, the concentrations in plasma of HDL and TAG are inversely related. If the capacity to metabolise TAG is low, the residence time in the circulation of TAG rich lipoproteins is increased, enhancing the opportunity for exchange of core lipid with the cholesterol rich lipoproteins, which not only impairs reverse cholesterol transport but also leads to a preponderance of small dense (atherogenic) LDLs. If the capacity to metabolise TAG is low, the postprandial rise in plasma TAG concentration will be high. People spend most of their lives in the postprandial state, so repeated episodes of exaggerated postprandial lipaemia may hasten the progression of atherosclerosis, a proposition supported by studies showing higher levels of postprandial lipaemia in men with known coronary artery disease than in healthy controls. 42 Exercise has short term and possibly long term eVects in reducing postprandial lipaemia. [43] [44] [45] There is evidence that energy expenditure per se is an important determinant of the acute decrease in lipaemia evident after exercise. The findings of studies from my laboratory are pertinent. These employed within subject comparisons of the lipaemic response to a standard oral fat load consumed 16-18 hours after an exercise session. As might be expected, moderate intensity exercise (60% Ṽ O 2 MAX) caused a greater decrease in lipaemia than an equivalent period of low intensity exercise (30% Ṽ O 2 MAX). 46 However, when the duration of low intensity exercise was increased so that the energy expended was the same as in the moderate intensity trial-that is, trading intensity for duration (1.5 hours at 60% Ṽ O 2 MAX v three hours at 30% Ṽ O 2 MAX)-each bout of exercise reduced lipaemia to the same degree. 47 The pattern of prior exercise does not seem to make an important diVerence to its eVect on subsequent lipaemia, at least when a considerable amount of energy is expended. In a recent study young men undertook three oral fat tolerance tests: on the day preceding one test they refrained from exercise; before another they performed 90 minutes of exercise at 60% of Ṽ O 2 MAX in one continuous bout; before another, they performed three separate 30 minute sessions at intervals of several hours, expending the same energy. Exercise reduced postprandial lipaemia to the same degree, irrespective of its pattern. 48 There does seem to be a relation between energy expended and the ensuing reduction in lipaemia. When subjects walked at 50% Ṽ O 2 MAX for one hour on the afternoon before a fat tolerance test, their total lipaemic response (assessed as the area under the plasma concentration v time curve over six hours) was 12.5% lower than in a control (no exercise) trial; when the exercise period was extended to two hours, the decrease in lipaemia was increased twofold-that is, 23%. 49 Plasma concentrations of heparin releasable lipoprotein lipase were 27 and 32% higher than the control at the end of the fat tolerance tests. 49 Collectively, these findings suggest that the eVect of a session of exercise on postprandial lipaemia is closely linked to energy expenditure, perhaps through some mechanism related to muscle contraction and mediated through changes in the expression of muscle proteins related to substrate acquisition in the exercised muscle. Skeletal muscle lipoprotein lipase, like other proteins critical to the transport and metabolism of energy substrates for muscle, increases rapidly but transiently after exercise. 50 Aspects of the epidemiological evidence for improved insulin/glucose dynamics and a lower risk of developing type II diabetes among regular exercisers were referred to above. Experimental studies have shown that enhanced insulin sensitivity is a "genuine response to training but short lived", 51 persisting for a few days only when training is interrupted. 52 Like the eVects on postprandial lipoproteins, the short term eVect of exercise on insulin sensitivity appears to be linked to energy expenditure. In one study, indices of insulin sensitivity were measured for eight women with type II diabetes in each of three conditions: after low intensity exercise at 50% Ṽ O 2 MAX; after high intensity exercise at 75% Ṽ O 2 MAX; after a period without exercise (control). 53 The duration of exercise was adjusted so that energy expenditure was the same for the two exercise conditions. Insulin sensitivity was enhanced in an identical way by each exercise pattern, again suggesting that low intensity exercise can stimulate the same metabolic changes after exercise as high intensity exercise, provided that the same energy is expended.
Thus the energy expenditure of regular exercise appears to be an important determinant of at least some metabolic adaptations that might be expected to confer a reduced risk of cardiovascular and metabolic disease. This is in line with observations that metabolic improvements (decrease in LDL cholesterol, increase in HDL 2 cholesterol, ratio of insulin to glucose areas measured during an oral glucose tolerance test) correlate significantly with losses of total and abdominal visceral fat rather than with the increase in Ṽ O 2 MAX.
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Skeletal health
Mechanical loading is an important determinant of bone mass and architecture, 54 and the influence of increased physical activity on bone has been much studied. This is one area where the accumulation of exercise throughout the day must theoretically be an eVective pattern. An osteogenic stimulus arises when bone is exposed to unusual dynamic strain distribution. This eVect is quickly "saturated" however, so that there is little extra stimulus to bone formation from high numbers of load cycles. The relevance of this finding is that the structural competence of bone can be maintained by comparatively infrequent loading events and does not require long periods of repetitive activity. 55 This thinking fits well with findings of increased bone mineral density in premenopausal women after a daily exercise regimen of 50 vertical jumps. 56 If strain magnitude and strain nature are the determinants of the osteogenic response to exercise, then several brief periods during a day of high impact exercises will in fact be more eVective than long periods of endurance type exercise where the applied loads are typically low.
Walking and cycling as a means of commuting to work
One obvious way to accumulate physical activity regularly is to commute to and from work by bicycle or on foot. A year round commitment to this means at least two exercise sessions five days a week for most weeks of the year. The energy expenditure can be considerable and invariably greater than that achieved through planned exercise.
Researchers in Finland have studied physically active commuting to work. An initial survey showed that walking or bicycling to work oVered "basic habitual exercise" to about one third of the employed urban population. The activity was reported to be "regular, frequent, rather stable year round and brisk in tempo". 57 A randomised controlled intervention trial was subsequently conducted in healthy men and women who were not regular leisure time exercisers. The mean one way commuting distance was 2 miles for walkers and 6 miles for cyclists. Walkers selected a speed typically equivalent to 53% Ṽ O 2 MAX and cyclists closer to 63% Ṽ O 2 MAX. On average, ten weeks of active commuting resulted in a 4.5% net (compared with control) increase in Ṽ O 2 MAX (p = 0.02) and a 5% net increase in HDL cholesterol (p = 0.06). These studies do not provide evidence for the accumulation of bouts of activity as short as 10 minutes, however, because the journeys lasted about 30 minutes.
The regularity and frequency of physically active commuting to work make it an ideal form of exercise likely to maintain short term metabolic eVects afterwards: no special clothing is needed (activities that require changing are not likely to be undertaken several times a day); the time commitment is minimised because one has in any case to travel to work; and it requires no special skills. The barriers are of course bad weather, poor conditions of pedestrian and cycling routes, and fear of accidents.
Concluding remarks
The argument for accumulation of short bouts of physical activity is predicated largely on the assertion that total energy expenditure is the important determinant of health gains and there is epidemiological evidence for this. A major weakness of this evidence is, however, that there are no data describing the typical duration of sessions of moderate intensity activity likely to have been performed on an intermittent basis on which to assess their contribution to total exercise energy expenditure.
Improvements in fitness probably confer health benefits. Experimental data showing the eVectiveness of several short bouts of moderate intensity physical activity in improving fitness are few. 28 30 This is an important gap in the evidence because if activity is to be accumulated through several short sessions it must necessarily be non-sporting and of moderate intensity. On the whole, people will not change into special clothing, travel to a facility, and engage in planned vigorous exercise several times in one day. The debate about the accumulation issue cannot therefore be separated from that about the intensity issue-that is, is moderate intensity exercise (3-6 METs) suYcient to confer health gains? 58 Intuitively the length of a session of physical activity must influence its potential to confer metabolic adaptations relevant to cardiovascular risk. Indeed aspects of observational studies referred to above make it clear that sustained periods of exercise are probably associated with greater benefits. However, in the absence of data to indicate that, say, three short bouts of activity are equivalent to one longer bout in terms of reducing disease risk, this aspect of current US recommendations is speculative. Of course, this should not obscure the vital issue of the need to address the public health burden in this country attributable to physical inactivity. There is no evidence that adopting a habit of frequent 10-15 minute bouts of physical activity spread throughout the day will harm a sedentary individual, and some evidence that it may be of benefit. Moreover, such a prescription avoids the risks of unaccustomed vigorous exercise by ensuring that activity is moderate in intensity.
